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Regulation of tomato leaf curl viral gene expression 
in host tissues 

Dry, Ian; Krake, Les; Mullineaux, Phil; Rezaian, Ali 
Horticulture Unit, CSIRO Plant Industry, Glen Osmond, 
5064, Australia 

Mol. Plant-Microbe Interact. (2000), 13(5), 529-537 
CODEN: MPMIEL; ISSN: 0894-0282 
APS Press 
Journal 
English 

The regulation of expression of the two virion-sense (VI and V2 ) and four 
complementary-sense (CI, C2, C3, and C4) open reading frames (ORFs) of 
Tomato leaf curl virus (TLCV) was studied in both stably and transiently 
transformed Nicotiana tabacum tissues with fusions with the 
.beta. -glucuronidase (GUS) reporter gene. GUS-expressing transgenic 

lines 

were obtained with each of the four complementary-sense gene-GUS fusion 
constructs and with truncated versions of the virion-sense gene-GUS 
fusion 

constructs (V1GUS . DELTA. C and V2 GUS . DELTA. C) lacking complementary-sense 

sequences encoding the CI, C2, and C3 ORFs. However, little or no GUS 

expression was obsd. in kanamycin- resist ant plants 

transformed with full-length, virion-sense gene constructs (V1GUS 

and V2GUS) constituting the complete viral genome. In contrast, V1GUS 
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and 



V2GUS were found to direct high-level GUS expression in transient assays 



with tobacco protoplasts, suggesting that integration of viral constructs 
contg. functional, complementary-sense genes may lead to repression or 
deletion of the introduced constructs in transgenic tissues. V2GUS 
expression in the transient protoplast assay was found to be severely 
curtailed by specific mutation of the C2 ORF, supporting a role for the 

protein in transactivation of TLCV virion-sense gene expression. TLCV 
ORF-GUS constructs displayed distinctive tissue expression patterns in 
transgenic tobacco plants that could be divided into constitutive (CI, 

and V2GUS . DELTA. C) , predominantly vascular (C2, C3), or reduced 
expression 

in cells assocd. with the vascular bundles (V1GUS . DELTA. C) . The 
significance of these results is discussed in terms of current models of 
gene function and regulation in gemini viruses . 
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1997:214616 CAPLUS 
126:207952 

Direct gene transfer to tall fescue (Festuca 
arundinacea Schreb.) by particle bombardment 
Takamizo, T.; Hagio, T.; Fujimori, M. ; Ugaki, M. ; 
Hirabayashi, T. 

Lab. Biotechnology, National Grassland Research 
Institute, Tochigi, 329-27, Japan 
Acta Hortic. (1995), 392 (Genetic Improvement of 
Horticultural Crops by Biotechnology) , 187-192 
CODEN: AHORA2; ISSN: 0567-7572 

International Society for Horticultural Science 
Journal 
English 

Tall fescue (Festuca arundinacea Schreb.) suspension culture cells were 
bombarded by the particle gun with plasmids carrying the 
.beta. -glucuronidase (GUS) reporter gene. Various parameters affecting 
transient GUS expression were investigated. As for microcarrier , 
tungsten 

was found to be superior to gold, when 1.6.mu. particles were used. A 
bombardment pressure of 1300psi was superior to one of llOOpsi. Tall 
fescue suspension culture showed higher GUS expression levels than meadow 
fescue and Italian ryegrass suspension cells. High expression levels 

were 

obsd. with improved constructs originating from a Geminivirus 

-derived vector or contg. intron or leader sequences. Tall fescue 

suspension culture cells were also bombarded with the Geminivirus 

-derived constructs (pWI-K6) carrying the Neomycin 

phosphotransferase II gene (NPT II). Putative transformed calli 

were obtained by selecting the bombarded cells on MS medium supplemented 

with 50 mg/L Geneticin. 
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Geminivirus-based gene expression system for 
plant 

Kridl, Jean C; Knauf, Vic C; Bruening, George 
Calgene Inc., USA; University of California 
PCT Int. Appl., 30 pp. 
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AB A geminivirus-based vector system for controlled expression of a 

gene in transgenic plant cells is disclosed. A binary expression vector 
based on African cassava mosaic virus (ACMV) was constructed; which 

vector 

contains the viral transactivating factor AC 2 under the control of the 

ACP 

regulatory element, a C12-specific thioesterase from bay laurel under the 
control of the viral coat protein regulatory elements, and a 
kanamycin resistance gene under the control of the CaMV 35s 
promoter. The binary vector can be transformed into 
Agrobacterium tumefaciens and used to produce transgenic Brassica 
plants . 
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TITLE : Tobacco lines with high copy number of replicating 

recombinant geminivirus vectors after 

biolistic DNA delivery 
AUTHOR(S): Kanevski, Ivan F . ; Thakur, Sanjay; Cosowsky, Laurey; 

Sunter, Garry; Brough, Clare; Bisaro, David; Maliga, 

Pal 

CORPORATE SOURCE: Waksman Inst., Rutgers, State Univ. New Jersey, 

Piscataway, NJ, 08855-0759, USA 
SOURCE: Plant J. (1992), 2(4), 457-63 

CODEN: PLJUED 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The feasibility of obtaining clonal lines with replicating, multicopy 
geminivirus vectors by direct DNA transformation of 

cultured tobacco cells was studied. The replicating vectors pTGA32 and 
pST31 are based on the tomato golden mosaic virus (TGMV) A genome and 
encode the neomycin phosphotransferase type II (NPT-II) enzyme 
that confers kanamycin resistance to plant cells. Following 
introduction into plant cells, unit-length viral genomes were released 
from the tandem repeats and replicated. In protoplasts, replication of 
unit-length pTGA32 and pST31 was about as efficient as replication of 
unit-length DNA A from plasmid pTGA26, which contains 1.5 copies of 
wild-type DNA A. Tobacco suspension culture cells were bombarded with 



the 



recombinant DNA A constructs and selected for kanamycin 
resistance. The no. of kanamycin- resistant clones per 



bombardment was about the same when the TGMV DNA A vectors or a 
non-replicating plasmid (pLC14) which also encodes NPT-II was used. 
Replicating, unit-length DNA A in up to approx. 1000 copies per cell was 
found in about 10% of the kanamycin- resistant clones selected 
following bombardment of cells with TGMV vectors. The results suggest 
that geminiviruses may serve as useful multicopy vectors in 
cultured cells. 
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Wheat dwarf virus vectors replicate and express 
foreign genes in cells of monocotyledonous plants 
Matzeit, Volker; Schaefer, Sabine; Kammann, Matthias; 
Schalk, Hans Joachim; Schell, Jeff; Gronenborn, Bruno 
Abt. Genet. Grundlagen Pf lanzenzuechtung, 
Max-Planck-Inst . Zuechtungsf orsch . , Cologne, 
D-5000/30, Fed. Rep. Ger. 
Plant Cell (1991), 3(3), 247-58 
CODEN: PLCEEW; ISSN: 1040-4651 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Wheat dwarf virus (WDV) is a geminivirus that infects 

monocotyledonous plants. To exploit the potential of WDV as a 
replicative 

gene vector, a transient replication and expression system based on the 
transfection of protoplasts derived from Triticum monococcum suspension 
culture cells was developed. Cloned genomic copies of various WDV 
isolates as well as mutants constructed in vitro were introduced into the 
protoplasts and assayed for their ability to replicate. As a result, 
regions of the WDV genome necessary or dispensable for the viral DNA 
replication could be defined. In addn., the gene encoding the viral 
capsid protein was replaced by 3 different bacterial marker genes, 
neomycin phosphotransferase, chloramphenicol acetyltransf erase, 
and .beta. -galactosidase. The . beta . -galactosidase gene doubled the size 
of the WDV genome. The replication of the recombinant WDV genomes and 



the 



T. 



expression of these genes were monitored in suspension culture cells of 

The potential of replicative expression vectors based on the 



monococcum. 
WDV genome is 



discussed. 



CAPLUS COPYRIGHT 2000 ACS 
1991: 116306 CAPLUS 
114: 116306 

Replication of a geminivirus derived shuttle 
vector in maize endosperm cells 

Ugaki, Masashi; Ueda, Takashi; Timmermans, Marja C. 
P.; Vieira, Jeffrey; Elliston, Keith O.; Messing, 
Joachim 

Waksman Inst., Rutgers, State Univ., Piscataway, N J, 
08855-0759, USA 

Nucleic Acids Res. (1991), 19(2), 371-7 
CODEN: NARHAD; ISSN: 0305-1048 
Journal 
English 

A maize (Zea mays) endosperm cell culture has been shown to efficiently 
replicate DNA sequences derived from wheat dwarf virus (WDV) , a 
monopartite monocot geminivirus. To analyze sequences necessary 
for viral replication and to verify their application for a plant gene 
expression vector, a 3.7 kilobase pairs Escherichia coli-plant cell 
shuttle vector, pWI-11 was developed. The pl5A origin of replication, 
functional in E. coli, was introduced into the viral sequences. The 
coding region of the coat protein gene was replaced by that of bacterial 
neomycin phosphotransf erae II (NPT II) gene. The resulting NPT II 
gene fusion can serve as a selectable marker in both plant and E. coli 
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systems. Into a unique cloning site in this pWI-11 vector, a gene fusion 
carrying the bacterial . beta . -glucuronidase (GUS) coding region under 
control of the cauliflower mosaic virus 35S (CaMV35S) gene promoter and 
terminator was introduced. By transferring these viral sequences into 
protoplasts derived from maize endosperm cell cultures, it was 
demonstrated that the plasmid pWI-11 can replicate in maize endosperm 
cells, that the GUS reporter gene introduced into pWI-11 can be expressed 
at high level in the transformed cells, and that the replicating 
viral DNA can be rescued from endosperm cells by transforming E. 
coli in the presence of kanamycin. The level of GUS gene 
expression increased progressively in transformed endosperm 
cells during a prolonged culture period, coinciding with replication of 
the viral sequences in these cells. 
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Expression of engineered wheat dwarf virus in 
seed-derived embryos 

Toepfer, R.; Gronenborn, B. ; Schaefer, S.; Schell, 
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Steinbiss, H. H. 

Max-Planck-Inst . Zuechtungsf orsch . , Abt . Genet. 
Grundlagen Pf lanzenzuechtg . , Cologne, D-5000/30, Fed. 
Rep. Ger. 

Physiol. Plant. (1990), 79(1), 158-62 
CODEN: PHPLAI; ISSN: 0031-9317 
Journal 
English 

Delivery of DNA into dry and viable embryos of wheat by imbibition in DNA 
soln. was detected by monitoring the transient expression of chimeric 
genes. The gene expression vectors used comprise of a neomycin 
phosphotransferase II (NPTII) reporter gene, under the control of various 
promoters or as part of a cloned plant virus genome. The genome of wheat 
dwarf virus (WDV) , a monopartite Gemini virus of 

gramineae, has been used to amplify the NPT II gene in embryos of wheat, 
thereby leading to high levels of transient expression. Constructions 
were designed which permitted NPT II expression only if inter- or 
intramol. recombination had occurred. 



CAPLUS COPYRIGHT 2000 ACS 
1990:49744 CAPLUS 
112:49744 

Uptake and transient expression of chimeric genes in 
seed-derived embryos 

Toepfer, Reinhard; Gronenborn, Bruno; Schell, Jeff; 
Steinbiss, Hans Henning 

Abt. Genet. Grundlagen Pf lanzenzuecht . , 
Max-Planck-Inst . Zuechtungsf orsch . , Cologne, 
D-5000/30, Fed. Rep. Ger. 
Plant Cell (1989), 1(1), 133-9 
CODEN: PLCEEW; ISSN: 1040-4651 
Journal 
English 

Uptake of DNA in dry and viable embryos of wheat by imbibition in DNA 
soln. was detected by monitoring the transient expression of chimeric 
genes. Gene expression vectors used in this study contained a 
neomycin phosphotransferase (NPT) II reporter gene fused to 
various promoters. Some of the chimeric neo genes yielded NPT II 
activity 

in germinating embryos. This NPT II activity was increased markedly when 
the neo genes were carried by a vector capable of autonomous replication. 
Dimers of wheat dwarf virus, a monopartite gemini virus 

, were thus shown to be effective in amplifying the transient expressed 
NPT II activity in embryos of several cereals. These and other 
observations indicate that the obsd. transient expression really results 
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from DNA uptake and expression in plant embryo cells and is not due to 
contaminating microorganisms. 
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CAPLUS COPYRIGHT 2000 ACS 
1989:207183 CAPLUS 
110:207183 

Stability and expression of bacterial genes in 
replicating geminivirus vectors in plants 
Hayes, R. J.; Coutts, R. H. A.; Buck, K. W. 
Dep. Pure Appl. Biol., Imp. Coll. Sci . , Technol . 
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shown 



London, SW7 2BB, UK 

Nucleic Acids Res. (1989), 17(7), 2391-403 
CODEN: NARHAD; ISSN: 0305-1048 
Journal 
English 

Bacterial beta-glucuronidase (gus) and neomycin 

phosphotransferase (neo) genes were introduced into coat protein 
replacement vectors based on DNA A of tomato golden mosaic virus (TGMV) . 
Recombinant gus and neo vectors up to 1.1 kbp larger than DNA A were 

to replicate stably in transgenic plants contg. partial dimers (master 
copies) of the vectors integrated into their chromosomal DNA in the 
absence of DNA B. Beta-glucuronidase and neomycin 
phosphotransferase activities in independently transformed 
plants were proportional to the copy no. of the double-stranded forms of 
the vector. Deletion anal, has shown that an essential part of the TGMV 
coat protein promoter, including a TATA box, lies within 76 nt upstream 

the initiation codon of the gene. An increase in expression of a neo 
gene 

was obtained by replacing this 76 nt sequence by an 800 nt sequence 
contg . 

a cauliflower mosaic virus 35S RNA promoter with no effect on the ability 
of the vector to replicate or on its stability in transgenic plants. 
Systemic infection of plants by agroinoculation with TGMV 
vectors larger than DNA A in the presence of DNA B resulted in deletions 
in the vector DNA in some, but not all, plants. Possible reasons for 
vector instability in systemically infected plants, and vector stability 
in transgenic plants contg. master copies of the vector, are discussed. 



of 
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Gene amplification and expression in plants by a 
replicating geminivirus vector 



SOURCE: 



Hayes, R. J.; Petty, I. 
K. W. 

Dep. Pure Appl. Biol., 
London, SW7 23B, UK 
Nature (London) (1988), 



Coutts, R. H. A. 



Imp. Coll. Sci. Technol., 



334(6178), 179-82 



ISSN: 0028-0836 
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in 



CODEN : NATUAS ; 
Journal 
English 

Gemini tomato golden mosaic virus-derived vectors were used to introduce 
the neomycin phosphotransferase gene (neo) into tobacco plants. 
A chimeric DNA was constructed in which most of the coat protein gene was 
deleted and replaced with the neo gene from transposon Tn5. 
Agrobacterium-Mediated inoculation was used to infect tobacco 
plants with the chimeric DNA. The neo gene was amplified and expressed 

the plants. The neo gene copy no. per amphidiploid genome varied from 7 
to 490, depending on the transgenic host and gene vector used. Thus, 
geminivirus-derived vectors should be useful not only for 

amplification of gene expression by the systemic infection of plants, but 



also for heritable gene amplification by the integration of stable master 
copies of the vector into the plant chromosomal DNA. 



=> d ibib abs 14 11-26 
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Construction and use of geminivirus 

DNA-containing vectors for expression of heterologous 
genes in plants 

Rogers, Stephen Gary; Brand, Leslie Ann; Elmer, James 
Scott; Fraley, Robert Thomas; Horsch, Robert Bruce; 
Bisaro, David Matthew 
Monsanto Co. , USA 
Eur. Pat. Appl., 64 pp. 
CODEN: EPXXDW 
Patent 
English 
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AB 



are 



Novel plant vectors contg. geminivirus DNA [e.g. tomato golden 

mosaic virus (TGMV) coat protein gene] and a heterologous DNA sequence 



constructed and used to transform plants. When introduced into 
the plant cell, e.g. as free DNA or within an Agrobacterium 

tumefaciens Ti plasmid, these vectors produce autonomously replicating 
plasmids of increased copy no. which express the heterologous gene 
without 

causing disease symptoms. Leaf disks from petunia were submerged in a 
culture of A. tumefaciens contg. a pTi helper plasmid and pMON354, a 
plasmid comprising TGMV -A DNA, an ampicillin resistance gene, and the 

CaMV 

35S promoter and dihydrof olate reductase gene. After growth under 
, carbenicillin and methotrexate selection, a Southern blot anal, of the 
plant DNA indicated the presence of a freely replicating, 
double- stranded, 

supercoiled plasmid DNA of the appropriate size. These and other expts. 
indicated that .gtoreq.4.3 kb of heterologous DNA could be inserted 
within 

geminivirus DNA without affecting replication and/or expression of 
the gene, and that the TGMV DNA itself was not necessary for plasmid 
formation, i.e. any directly repeating DNA of sufficient length and 
homol . 

will suffice. 
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2000:229843 BIOSIS 
PREV200000229843 

Regulation of Tomato leaf curl viral gene expression in 
host tissues. 

Dry, Ian (1); Krake, Les; Mullineaux, Phil; Rezaian, Ali 
(1) Horticulture Unit, CSIRO Plant Industry, Glen Osmond, 
SA, 5064 Australia 

Molecular Plant-Microbe Interactions, (May, 2000) Vol. 13, 
No. 5, pp. 529-537. 
ISSN: 0894-0282. 
Article 
English 
English 

The regulation of expression of the two virion-sense (VI and V2 ) and four 
complementary-sense {CI, C2, C3, and C4) open reading frames (ORFs) of 
Tomato leaf curl virus (TLCV) was studied in both stably and transiently 
transformed Nicotiana tabacum tissues with fusions with the 
beta-glucuronidase (GUS) reporter gene. GUS-expressing transgenic lines 
were obtained with each of the four complementary-sense gene-GUS fusion 
constructs and with truncated versions of the virion-sense gene-GUS 
fusion 

constructs (V1GUSDELTAC and V2GUSDELTAC) lacking complementary-sense 
sequences encoding the CI, C2, and C3 ORFs. However, little or no GUS 
expression was observed in kanamycin- resistant plants 
transformed with full-length, virion-sense gene constructs (V1GUS 
and V2GUS) constituting the complete viral genome. In contrast, V1GUS and 
V2GUS were found to direct high-level GUS expression in transient assays 
with tobacco protoplasts, suggesting that integration of viral constructs 
containing functional, complementary-sense genes may lead to repression 

or 

deletion of the introduced constructs in transgenic tissues. V2GUS 
expression in the transient protoplast assay was found to be severely 
curtailed by specific mutation of the C2 ORF, supporting a role for the 

protein in transactivation of TLCV virion-sense gene expression. TLCV 
ORF-GUS constructs displayed distinctive tissue expression patterns in 
transgenic tobacco plants that could be divided into constitutive (CI, 

and V2GUSDELTAC) , predominantly vascular (C2, C3) , or reduced expression 
in cells associated with the vascular bundles ( V 1 GUS DE LT AC ) . The 
significance of these results is discussed in terms of current models of 
gene function and regulation in geminiviruses . 
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Simultaneous regulation of tomato golden mosaic virus coat 
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may contribute to suppression of the ALI gene. 
Groning, B. R.; Hayes, R. J.; Buck, K. W. 
Dep. Biol., Imperial Coll. Sci., Technology Medicine, 
Prince Consort Road, London SW7 2BB UK 

Journal of General Virology, (1994) Vol. 75, No. 4, pp. 
•721-726. 

ISSN: 0022-1317. 
Article 
English 

The tomato golden mosaic virus (TGMV) coat protein and ALI genes are 
located in opposite directions on either side of an intergenic region. To 
enable the effects of the ALI, AL2 and AL3 gene products on expression of 
the coat protein and ALI genes to be studied simultaneously, a plasmid 

constructed, containing the intergenic region linked on one side to a 
5 '-terminal portion of the ALI gene fused to a beta-glucuronidase (GUS) 
reporter gene (to replace most of the ALI gene) and on the other side to 



SOURCE 



DOCUMENT TYPE 
LANGUAGE 
AB 



was 



neomycin phosphotransferase (NEO) reporter gene (to replace the 

coat protein gene) . This GUS-NEO plasmid was mixed with plant expression 

plasmids containing the AL1, AL2 or AL3 coding regions, the DNA was 

transformed into Nicotiana benthamiana protoplasts and GUS 

activities and NEO protein levels were measured. Control 

transformations were carried out with the GUS-NEO plasmid mixed 

with the AL1 , AL2 or AL3 plasmids in which mutations were introduced to 

prevent translation of the open reading frames (ORFs) . The results showed 

that transactivation of the coat protein gene by the AL2 gene product and 

suppression of the AL1 gene by the expression of AL1 DNA (both reported 

previously) can occur simultaneously. It was also shown that expression 



of 



AL4, a small ORF contained within AL1 DNA but in a different reading 
frame, as well as expression of ORF AL1 , can cause significant 
suppression 

of AL1 gene expression. Neither the AL1 nor the AL3 gene products 
affected 

the expression of the coat protein gene. 
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AB Wheat dwarf virus (WDV) is a geminivirus that infects 

monocotyledonous plants. To exploit the potential of WDV as a replicative 
gene vector, we developed a transient replication and expression system 
based on the transfection of protoplasts derived from Triticum monococcum 
suspension culture cells. Cloned genomic copies of various WDV isolates 

as 

well as mutants constructed in vitro were introduced into the protoplasts 
and assayed for their ability to replicate. As a result, regions of the 
WDV genome necessary or dispensable for the viral DNA replication could 

be 

defined. In addition, the gene encoding the viral capsid protein was 
replaced by three different bacterial marker genes, neomycin 
phosphotransferase, chloramphenicol acetyltransf erase, and 
.beta. -galactosidase. The . beta . -galactosidase gene doubled the size of 
the WDV genome. The replication of the recombinant WDV genomes and the 
expression of these genes were monitored in suspension culture cells of 

T. 

monococcum. The potential of replicative expression vectors based on the 
WDV genome is discussed. 
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AB A maize (Zea mays L. ) endosperm cell culture has been shown to 
efficiently 

replicate DNA sequences derived from wheat dwarf virus (WDV) , a 
monopartite monocot gemini virus . To analyze sequences necessary 
for viral replication and to verify their application for a plant gene 
expression vector, we have developed a 3.7 kilobase pairs Escherichia 
coli-plant cell shuttle vector, pWI-11. The pl5A origin of replication, 
functional in E. coli, was introduced into the viral sequences. We have 
replaced the coding region of the coat protein gene by that of bacterial 
neomycin phosphotransferase II (NPT II) gene. The resulting NPT II 
gene fusion can serve as a selectable marker in both plant and E. coli 
systems. Into a unique cloning site in this pWI-11 vector, we introduced 

a 

gene fusion carrying the bacterial . beta . -glucuronidase (GUS) coding 
region under control of the cauliflower mosaic virus 35S (CaMV35S) gene 
promoter and terminator. By transferring these viral sequences into 
protoplasts derived from maize endosperm cell cultures, we have 
demonstrated that the plasmid pWI-11 can replicate in maize endosperm 
cells, that the GUS reporter gene introduced into pWI-11 can be expressed 
at high level in the transformed cells, and that the replicating 
viral DNA can be rescued from endosperm cells by transforming E. 
coli in the presence of kanamycin. The level of GUS gene 
expression increased progressively in transformed endosperm 
cells during a prolonged culture period, coinciding with replication of 
the viral sequences in these cells. 
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English 

Two full length copies of Cassava latent virus (CLV) DNA1 were cloned in 
head to tail arrangement on a plant expression vector to evaluate the 
potential of CLV for the development of an extrachromasomal vector system 
in plants. After direct transfer of the plasmid into protoplasts of 
Nicotiana tabacum cv. Petit Havana SRI extrachromosomal single-stranded 
(ss) and double-stranded (ds) forms of DNA1 appeared after the first cell 
division of protoplasts. The extrachromosomal copies could also be 
detected within transf ormants which has been regenerated from 
kanamycin-resistant calli. The CLV-harbouring 

transformants do not display any symptoms usually observed after 
CLV infection. Stable conservation of extrachromosomal DNA1 was observed 
in Fl plants derived from self-pollination and in plants regenerated from 
protoplasts of transformants. Our data show that dimer 

constructs of CLV DNA1 are atractive candidates for an extrachromasomal 
plant vector system. 
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AB Bacterial beta-glucuronidase (gus) and neomycin 

phosphotransferase (neo) genes were introduced into coat protein 
replacement vectors based on DNA A of tomato golden mosaic virus (TGMV) . 
Recombinant gus and neo vectors up to 1.1 kbp larger than DNA A were 

shown 

to replicate stably in transgenic plants containing partial dimers 
(master 

copies) of the vectors integrated into their chromosomal DNA in the 

absence of DNA B. Beta-glucuronidase and neomycin 

phosphotransferase activities in independently transformed 

plants were proportional to the copy number of the double-standed forms 



of 

TGMV 
of 



the vector. Deletion analysis has shown that an essential part of the 
coat protein promoter, including a TATA box, lies within 76 nt upstream 



the initiation codon of the gene. An increase in expression of a neo gene 
was obtaind by replacing this 76 nt sequence by an 800 nt sequence 
containing a cauliflower mosaic virus 35S RNA promoter with no effect on 
the ability of the vector to replicate or on its stability in transgenic 
plants. Systemic infection of plants by agroinoculation with 
TGMV vectors larger than DNA A in the presence of DNA B resulted in 
deletions in the vector DNA in some, but not all, plants. Possible 
reasons 

for vector instability in systemically infected plants, and vector 
stability in transgenic plants containing master copies of the vector, 

are 

dicussed . 
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AB The regulation of expression of the two virion-sense (VI and V2) and four 
complementary-sense (CI, C2, C3, and C4) open reading frames (ORFs) of 
Tomato leaf curl virus (TLCV) was studied in both stably and transiently 
transformed Nicotiana tabacum tissues with fusions with the 
beta-glucuronidase (GUS) reporter gene. GUS-expressing transgenic lines 
were obtained with each of the four complementary-sense gene-GUS fusion 
constructs and with truncated versions of the virion-sense gene-GUS 

fusion 

constructs (VIGUSdeltaC and V2GUSdeltaC) lacking complementary-sense 
sequences encoding the CI, C2, and C3 ORFs. However, little or no GUS 
expression was observed in kanamycin- resistant plants 
transformed with full-length, virion-sense gene constructs (V1GUS 
and V2GUS) constituting the complete viral genome. In contrast, V1GUS and 
V2GUS were found to direct high-level GUS expression in transient assays 
with tobacco protoplasts, suggesting that integration of viral constructs 
containing functional, complementary-sense genes may lead to repression 

or 

deletion of the introduced constructs in transgenic tissues. V2GUS 



C2 



C4, 



expression in the transient protoplast assay was found to be severely 
curtailed by specific mutation of the C2 ORF, supporting a role for the 

protein in transactivation of TLCV virion-sense gene expression. TLCV 
ORF-GUS constructs displayed distinctive tissue expression patterns in 
transgenic tobacco plants that could be divided into constitutive (CI, 

and V2GUSdeltaC) , predominantly vascular (C2, C3) , or reduced expression 
in cells associated with the vascular bundles (VIGUSdeltaC) . The 
significance of these results is discussed in terms of current models of 
gene function and regulation in geminiviruses . 
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AB A maize (Zea mays L.) endosperm cell culture has been shown to 
efficiently 

replicate DNA sequences derived from wheat dwarf virus (WDV) , a 
monopartite monocot geminivirus. To analyze sequences necessary 
for viral replication and to verify their application for a plant gene 
expression vector, we have developed a 3.7 kilobase pairs Escherichia 
coli— plant cell shuttle vector, pWI-11. The pl5A origin of replication, 
functional in E. coli, was introduced into the viral sequences. We have 
replaced the coding region of the coat protein gene by that of bacterial 
neomycin phosphotransferase II (NPT II) gene. The resulting NPT II 
gene fusion can serve as a selectable marker in both plant and E. coli 
systems. Into a unique cloning site in this pWI-11 vector, we introduced 

a 

gene fusion carrying the bacterial beta-glucuronidase (GUS) coding region 
under control of the cauliflower mosaic virus 35S (CaMV35S) gene promoter 
and terminator. By transferring these viral sequences into protoplasts 
derived from maize endosperm cell cultures, we have demonstrated that the 
plasmid pWI-11 can replicate in maize endosperm cells, that the GUS 
reporter gene introduced into pWI-11 can be expressed at high level in 

the 

transformed cells, and that the replicating viral DNA can be 
rescued from endosperm cells by transforming E. coli in the 
presence of kanamycin. The level of GUS gene expression 
increased progressively in transformed endosperm cells during a 
prolonged culture period, coinciding with replication of the viral 
sequences in these cells. 
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AB Bacterial beta-glucuronidase (gus) and neomycin 

phosphotransferase (neo) genes were introduced into coat protein 
replacement vectors based on DNA A of tomato golden mosaic virus (TGMV) . 
Recombinant gus and neo vectors up to 1.1 kbp larger than DNA A were 

shown 

to replicate stably in transgenic plants containing partial dimers 
(master 

copies) of the vectors integrated into their chromosomal DNA in the 

absence of DNA B. Beta-glucuronidase and neomycin 

phosphotransferase activities in independently transformed 

plants were proportional to the copy number of the double-stranded forms 

of the vector. Deletion analysis has shown that an essential part of the 

TGMV coat protein promoter, including a TATA box, lies within 76 nt 

upstream of the initiation codon of the gene. An increase in expression 

of 

a neo gene was obtained by replacing this 76 nt sequence by an 800 nt 
sequence containing a cauliflower mosaic virus 35S RNA promoter with no 
effect on the ability of the vector to replicate or on its stability in 
transgenic plants. Systemic infection of plants by agroinoculation 
with TGMV vectors larger than DNA A in the presence of DNA B resulted in 
deletions in the vector DNA in some, but not all, plants. Possible 
reasons 

for vector instability in systemically infected plants, and vector 
stability in transgenic plants containing master copies of the vector, 

are 

discussed . 
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AB A maize (Zea mays L. ) endosperm cell culture has been shown to 
efficiently 

replicate DNA sequences derived from wheat dwarf virus (WDV) , a 
monopartite monocot geminivirus. To analyze sequences necessary 
for viral replication and to verify their application for a plant gene 
expression vector, we have developed a 3.7 kilobase pairs Escherichia 
coli-plant cell shuttle vector, pWI-11. The pl5A origin of replication, 
functional in E. coli, was introduced into the viral sequences. We have 
replaced the coding region of the coat protein gene by that of bacterial 
neomycin phosphotransferase II (NPT II) gene. The resulting NPT II 
gene fusion can serve as a selectable marker in both plant and E. coli 
systems. Into a unique cloning site in this pWI-11 vector, we introduced 

a 

gene fusion carrying the bacterial . beta . -glucuronidase (GUS) coding 
region under control of the cauliflower mosaic virus 35S (CaMV35S) gene 
promoter and terminator. By transferring these viral sequences into 
protoplasts derived from maize endosperm cell cultures, we have 



demonstrated that the plasmid pWI-11 can replicate in maize endosperm 

cells, that the GUS reporter gene introduced into pWI-11 can be expressed 

at high level in the transformed cells, and that the replicating 

viral DNA can be rescued from endosperm cells by transforming E. 

coli in the presence of kanamycin. The level of GUS gene 

expression increased progressively in transformed endosperm 

cells during a prolonged culture period, coinciding with replication of 

the viral sequences in these cells. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The regulation of expression of the two virion-sense (VI and V2 ) and 

four complementary-sense (CI, C2, C3, and C4) open reading frames (ORFs) 
of Tomato leaf curl virus (TLCV) was studied in both stably and 
transiently transformed Nicotiana tabacum tissues with fusions 
with the beta-glucuronidase (GUS) reporter gene. GUS-expressing 
transgenic 

lines were obtained with each of the four complementary-sense gene-GUS 
fusion constructs and with truncated versions of the virion-sense 
gene-GUS 

fusion constructs (V1GUS Delta C and V2GUS Delta C) lacking 
complementary-sense sequences encoding the CI, C2, and C3 ORFs, However, 
little or no GUS expression was observed in kanamycin- resistant 
plants transformed with full-length, virion-sense gene 

constructs (V1GUS and V2GUS) constituting the complete viral genome. In 
contrast, V1GUS and V2GUS were found to direct high-level GUS expression 
in transient assays with tobacco protoplasts, suggesting that integration 
of viral constructs containing functional, complementary-sense genes may 
lead to repression or deletion of the introduced constructs in transgenic 
tissues. V2GUS expression in the transient protoplast assay was found to 
be severely curtailed by specific mutation of the C2 ORF, supporting a 
role for the C2 protein in transactivation of TLCV virion-sense gene 
expression. TLCV ORF-GUS constructs displayed distinctive tissue 
expression patterns in transgenic tobacco plants that could be divided 
into constitutive (CI, C4, and V2GUS Delta C) , predominantly vascular 

<C2, 

C3), or reduced expression in cells associated with the vascular bundles 
(V1GUS Delta C) , The significance of these results is discussed in terms 
of current models of gene function and regulation in geminivimses 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB When coresident with the Ti (tumor-inducing) plasmid, the 21-kDa 

product of the osa gene of the plasmid pSa can suppress crown gap 
tnmorigenesis incited by Agrobacterium tumefaciens. Neither 
T-DNA processing nor vir (virulence) gene induction is affected by the 
presence of asa in the bacterium. We used Arabidopsis thaliana root 
segments and tobacco leaf discs to demonstrate that Osa inhibits A. 
tumefaciens from transforming these plants to the stable 
phenotypes of tumorigenesis , kanamycin resistance, and stable 
beta-glucuronidase (GUS) expression. When A. tumefaciens contained osa, 
the lack of expression of transient GUS activity in infected plant 
tissues, as well as the lack of systemic viral symptoms following 
agroinf ection of Nicotiana Benthamiana by tomato mottle virus, suggested 
that oncogenic suppression by Osa occurs before T-DNA enters the plant 
nucleus. The extracellular complementation of an A. tumefaciens virE2 
mutant (the T-DNA donor strain) by an A. tumefaciens strain lacking T-DNA 
but containing a wild-type virE2 gene (the VirE2 donor strain) was 
blocked 

when osa was present in the VirE2 donor strain, but not If hen osa was 
present in the T-DNA donor strain. These data indicate that osa inhibits 
VirE2 protein, but not T-DNA export from A. tumefaciens, These data 
further suggest that VirE2, protein and T-DNA are separately exported 

from 

the bacterium. The successful infection of Datura stramonium plants and 
leaf discs of transgenic tobacco plants expressing VirE2 protein by an A. 
tumefaciens virE2 mutant carrying osa confirmed that oncogenic 
suppression 

by osa does not occur by blocking T-DNA transfer. Overexpression of 
virB9, 

virBlO, and virBll in A. tumefaciens did not overcome oncogenic 
suppression by osa. The finding that the expression of the osa gene by 
itself rather than the formation of a conjugal intermediate with pSa, 
blocks transformation suggests that the mechanism of oncogenic 
suppression by osa may differ from that of the IncQ plasmid RSF1010. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

AB The tomato golden mosaic virus (TGMV) coat protein and AL1 genes are 

located in opposite directions on either side of an intergenic region. To 
enable the effects of the ALI , AL2 and AL3 gene products on expression of 
the coat protein and AL1 genes to be studied simultaneously, a plasmid 



was 



constructed, containing the intergenic region linked on one side to a 
5' -terminal portion of the ALI gene fused to a P-glucuronidase (GUS) 
reporter gene (to replace most of the ALI gene) and on the other side to 

neomycin phosphotransferase (NEO) reporter gene (to replace the 

coat protein gene) . This GUS-NEO plasmid was mixed with plant expression 

plasmids containing the ALI, AL2 or AL3 coding regions, the DNA was 

transformed into Nicotiana benthamiana protoplasts and GUS 

activities and NEO protein levels were measured. Control 

transformations were carried out with the GUS-NEO plasmid mixed 

with the ALI, AL2 or AL3 plasmids in which mutations were introduced to 

prevent translation of the open reading frames (ORFs) . The results showed 

that transactivation of the coat protein gene by the AL2 gene product and 

suppression of the ALI gene by the expression of ALI DNA (both reported 

previously) can occur simultaneously. It was also shown that expression 



of 



AL4, a small ORF contained within ALI DNA but in a different reading 
frame, as well as expression of ORF ALI, can cause significant 
suppression 

of ALI gene expression. Neither the ALI nor the AL3 gene products 
affected 

the expression of the coat protein gene. 
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TITLE : TOBACCO LINES WITH HIGH COPY NUMBER OF REPLICATING 

RECOMBINANT GEMINIVIRUS VECTORS AFTER BIOLISTIC 
DNA DELIVERY 

AUTHOR: KANEVSKI I F; THAKUR S; COSOWSKY L; SUNTER G; BROUGH C; 

BISARO D; MALIGA P (Reprint) 
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OHIO STATE UNIV, CTR BIOTECHNOL, COLUMBUS, OH, 43210; 
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STATE UNIV, DEPT MOLEC GENET, COLUMBUS, OH, 43210 
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SOURCE: PLANT JOURNAL, (JUL 1992) Vol. 2, No. 4, pp. 457-463. 

ISSN: 0960-7412. 
DOCUMENT TYPE: Article; Journal 

FILE SEGMENT: LIFE 
LANGUAGE : ENGLISH 
REFERENCE COUNT: 2 9 

^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
AB The feasibility of obtaining clonal lines with replicating, multicopy 

geminivirus vectors by direct DNA transformation of 

cultured tobacco cells was studied. The replicating vectors pTGA32 and 
pST31 are based on the tomato golden mosaic virus (TGMV) A genome and 
encode the neomycin phosphotransferase type II (NPT-II) enzyme 
that confers kanamycin resistance to plant cells. Following 
introduction into plant cells, unit-length viral genomes were released 
from the tandem repeats and replicated. In protoplasts, replication of 
unit-length pTGA32 and pST31 was about as efficient as replication of 
unit-length DNA A from plasmid pTGA26, which contains 1.5 copies of 
wild-type DNA A. Tobacco suspension culture cells were bombarded with the 
recombinant DNA A constructs and selected for kanamycin 
resistance. The number of kanamycin- resistant clones per 
bombardment was about the same when the TGMV DNA A vectors or a 



non-replicating plasmici (pLC14) which also encodes NPT-II was used. 
Replicating, unit-length DNA A in up to approximately 1000 copies per 

cell 

was found in about 10% of the kanamycin- resistant clones 

selected following bombardment of cells with TGMV vectors. The results 

suggest that geminiviruses may serve as useful multicopy vectors 

in cultured cells. 
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TITLE : REPLICATION OF A GEMINIVIRUS DERIVED SHUTTLE 

VECTOR IN MAIZE ENDOSPERM CELLS 
AUTHOR: UGAKI M; UEDA T; TIMMERMANS M C P; VIEIRA J; ELLISTON K 
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MESSING J (Reprint) 
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371-377 

DOCUMENT TYPE: Article; Journal 

FILE SEGMENT: LIFE 

LANGUAGE : ENGLI SH 

REFERENCE COUNT: 41 

^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB A maize (Zea mays L.) endosperm cell culture has been shown to 

efficiently replicate DNA sequences derived from wheat dwarf virus (WDV) , 
a monopartite monocot geminivirus . To analyze sequences 
necessary for viral replication and to verify their application for a 
plant gene expression vector, we have developed a 3.7 kilobase pairs 
Escherichia coli - plant cell shuttle vector, pWI-11. The pl5A origin of 
replication, functional in E. coli, was introduced into the viral 
sequences. We have replaced the coding region of the coat protein gene 



by 



that of bacterial neomycin phosphotransferase II (NPT II) gene. 

The resulting NPT II gene fusion can serve as a selectable marker in both 

plant and E. coli systems. Into a unique cloning site in this pWI-11 

vector, we introduced a gene fusion carrying the bacterial 

beta-glucuronidase (GUS) coding region under control of the cauliflower 

mosaic virus 35S (CaMV35S) gene promoter and terminator. By transferring 

these viral sequences into protoplasts derived from maize endosperm cell 

cultures, we have demonstrated that the plasmid pWI-11 can replicate in 

maize endosperm cells, that the GUS reporter gene introduced into pWI-11 

can be expressed at high level in the transformed cells, and 

that the replicating viral DNA can be rescued from endosperm cells by 

transforming E. coli in the presence of kanamycin. The 

level of GUS gene expression increased progressively in 

transformed endosperm cells during a prolonged culture period, 

coinciding with replication of the viral sequences in these cells. 
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2000N-Z59422 DNA DGENE 

Novel DNA control sequence useful for controlling and 
combating plant pathogen infections and spread - 
Gheysen G; Mironov V; Inze D G; Terras F R G; Van Camp W; 
Sanz Molinero A I 
(CROP-N) CROPDESIGN NV 

WO 9966055 A2 19991223 82p 
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WO 1999-EP4139 
EP 1998-202012 
Patent 
English 

2000-106106 [09] 



AB This sequence represents a PCR primer which is used to amplify 
silencer elements from geminivi ruses . The PCR product 

is used in a modified construct containing geminiviral promoters and an 
antisense rice PCNA. The invention relates to a chimeric gene or 
recombinant DNA molecule, comprising a plant pathogen inducible control 
sequence operably linked to a cell cycle gene. Examples of the cell 



cycle 



plant 



and 



gene include cyclin genes, cyclin dependent kinase genes, a 
retinoblastoma gene or a gene encoding a protein involved in DNA 
replication. In combination the pathogen inducible control sequence, and 
cell cycle gene, are capable of modifying the cell cycle of a plant cell 
in response to infection. A vector containing the chimeric gene can be 
used to create a host cell expressing the gene. The chimeric gene or 
recombinant DNA molecule can be used for reducing susceptibility to 

pathogen infections or spread, and to combat or control plant pathogens 
and infections. Inhibiting the cell cycle upon pathogenic infection is a 
nondestructive method (expression of cell cycle genes will not affect 
non-dividing cells) and will not affect the physiology of other cells 

tissues in the plant. Also the use of transgenic cell cycle technologies 
will reduce the use of highly toxic pesticides and should give broad 
range and long term resistance against many species of pathogens 



21 DGENE COPYRIGHT 2 0 00 DERWENT INFORMATION LTD 
2000N-Z59421 DNA DGENE 

Novel DNA control sequence useful for controlling and 
combating plant pathogen infections and spread - 
Gheysen G; Mironov V; Inze D G; Terras F R G; Van Camp W; 
Sanz Molinero A I 
(CROP-N) CROPDESIGN NV 

WO 9966055 A2 19991223 82p 
WO 1999-EP4139 19990615 
EP 1998-202012 19980615 
Patent 
English 

2000-106106 [09] 
This sequence represents a PCR primer which is used to amplify 
silencer elements from geminiviruses . The PCR product 
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AB 



cycle 



plant 



and 



is used in a modified construct containing geminiviral promoters and an 
antisense rice PCNA. The invention relates to a chimeric gene or 
recombinant DNA molecule, comprising a plant pathogen inducible control 
sequence operably linked to a cell cycle gene. Examples of the cell 

gene include cyclin genes, cyclin dependent kinase genes, a 
retinoblastoma gene or a gene encoding a protein involved in DNA 
replication. In combination the pathogen inducible control sequence, and 
cell cycle gene, are capable of modifying the cell cycle of a plant cell 
in response to infection. A vector containing the chimeric gene can be 
used to create a host cell expressing the gene. The chimeric gene or 
recombinant DNA molecule can be used for reducing susceptibility to 

pathogen infections or spread, and to combat or control plant pathogens 
and infections. Inhibiting the cell cycle upon pathogenic infection is a 
nondestructive method (expression of cell cycle genes will not affect 
non-dividing cells) and will not affect the physiology of other cells 

tissues in the plant. Also the use of transgenic cell cycle technologies 
will reduce the use of highly toxic pesticides and should give broad 
range and long term resistance against many species of pathogens 
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PRIORITY INFO: EP 1998-201636 19980519 

DOCUMENT TYPE: Patent 
LANGUAGE: English 
OTHER SOURCE: 2000-116317 [10] 

AB The present sequence is that of primer Sil-2, used in the PCR 
amplification of the silencer-like element of pepper huasteco 
virus (PHV) . The amplified DNA fragment was used in constructs in which 
the PHV silencer was combined with a geminivirus 

conserved late element (CLE) . CLEs (see Z57884-87) are cis-acting 
elements present in the intergenic region of some geminiviruses 

They promote transcription by responding to nuclear factors present 
and/or activated in a plant cell after geminiviral infection. The 
invention relates to a chimeric promoter (I) that is capable of 
mediating 

the expression of a heterologous DNA sequence in plants upon 
geminivirus infection, and which comprises at least 1 CLE and a 

promoter. (I), or a gene or a vector comprising (I), is used in claimed 
methods for producing transgenic plants with a reduced susceptibility to 
geminiviral infection and spread 
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INVENTOR: Rivera-Bustamante R F; Ruiz-Medrano R; Arguello-Astorga G; 

Monsalve-Fonnegra Z I 
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LANGUAGE: English 
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AB The present sequence is that of primer Sil-1, used in the PCR 
amplification of the silencer-like element of pepper huasteco 



virus (PHV) . The amplified DNA fragment was used in constructs in which 
the PHV silencer was combined with a geminivirus 

conserved late element (CLE). CLEs (see Z57884-87) are cis-acting 
elements present in the intergenic region of some gemini viruses 

They promote transcription by responding to nuclear factors present 
and/or activated in a plant cell after geminiviral infection. The 
invention relates to a chimeric promoter (I) that is capable of 
mediating 

the expression of a heterologous DNA sequence in plants upon 
geminivirus infection, and which comprises at least 1 CLE and a 

promoter. (I), a or gene or vector comprising (I), is used in claimed 
methods for producing transgenic plants with a reduced susceptibility to 
geminiviral infection and spread 
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Plant DNA viruses and gene silencing 
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PUBLISHER: 
DOCUMENT TYPE: 
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AB 



7UH, UK 

Plant Mol. Biol. (2000), 43(2/3), 307-322 
CODEN: PMBIDB; ISSN: 0167-4412 
Kluwer Academic Publishers 
Journal 
English 

Gene silencing is a multi faceted phenomenon leading to 
propagative down-regulation of gene expression. Gene silencing, 
first obsd. in plants contg. transgenes, can operate both at the 
transcriptional and post-transcriptional levels. Silencing 
effects can be triggered by nuclear transgenes and by cytoplasmic RNA 
viruses, and it can be propagated between these elements and endogenous 
plant genes that share sequence homol . Although some aspects of gene 
silencing are becoming better understood, little is yet known 
about the relationship between nuclear and cytoplasmic events. Plant DNA 
viruses - both the ssDNA geminiviruses and the 

reverse-transcribing pararetroviruses - have properties with the 
potential 

to initiate gene silencing in the nucleus and in the cytoplasm. 
Characteristics include prodn. of multiple copies of viral DNA genomes in 
the nucleus, illegitimate integration of viral DNA into host chromosomes 
mimicking transgene transformation, and generation of abundant viral RNAs 
in the cytoplasm. Evidence is emerging that geminiviruses and 
plant pararetroviruses can interact with the gene silencing 
system either from introduced DNA constructs or during viral 
pathogenesis . 

Some observations suggest there are complex relationships between DNA 
viral activity, transcriptional and post-transcriptional gene 
silencing mechanisms. DNA viruses also have properties consistent 
with an ability to counteract the plant silencing response. In 
this article, features of plant DNA viruses are discussed in relation to 
gene silencing phenomena, and the prospects for understanding 
the interaction between nuclear and cytoplasmic silencing 
processes . 
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Binary viral expression system for plants using 
site-specific recombination to regulate the formation 
of a replication-competent episome 
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Patent 
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PATENT NO. 
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This invention provides a regulated binary plant viral expression system 

comprised of two chromosomally-integrated components. One component is 



incomplete replicon (a pro-replicon) , that contains cis-acting viral 
sequences required for replication and a target gene. The pro-replicon 
lacks a gene essential for its function, and thus cannot undergo 
autonomous episomal replication. The other component is a chimeric 
trans-acting replication gene under control of a regulated promoter. 
Expression of the trans-acting replication protein in plant cells contg. 
the pro-replicon will trigger the release of free replicon from the 
integrated pro-replicon, resulting in its episomal replication in trans 
and the expression of the target gene, if present, through gene 
amplification. The expression system is useful for both prodn. of 
foreign 

proteins as well as silencing endogenous genes and transgenes in 
plant tissue. Tissue-specific expression is controlled by the choice of 
promoter controlling the transcription of the trans-acting replication 
gene . 
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Novel chimeric promoters which allow controlled transcription and/or 
expression of a nucleic acid sequence upon geminivims 
infection, and the use of such recombinant promoters are provided. 
Furthermore, recombinant genes comprising such promoters, and transgenic 
plant cells, and plants comprising the chimeric promoters or recombinant 
genes are described. It appears that upon infection of the plant with 
wild-type virus, or a part thereof such as the AC 2 protein, expression of 
adjacent genes occurs under the control and influence of a geminiviral 
promoter. Small nucleotide sequences, referred to as CLEs (conserved 

elements), present in the geminiviral promoter, are sufficient to induce 
said expression. According to the current invention it is thus feasible 
to construct transgenic plants, comprising at least one of said CLEs or 
functional fragments thereof, which are resistant to geminiviral 
infection. To obtain this effect, adjacent to or operably linked to any 
of the said CLEs any gene or gene combination can be constructed, which 
gene or gene product is able to interfere with the outbreak or growth 
characteristics of the geminivims in order to arrest further 
spread of the geminivims in the infected plant or part thereof. 
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enzyme require for chlorophyll formation; and (2) the firefly lucif erase 
gene (luc) . Various portions of both marker genes were inserted into 

in place of the coat protein open reading frame and the constructs 
introduced in leaves of wild-type Nicotiana benthamiana using particle 
bombardment. Fragments that caused silencing included a 786-bp 
5' -fragment of the 1392-bp su cDNA in sense and antisense orientation, 

a 403-bp 3'-fragment of su cDNA. TGMV : : su-induced silencing was 
propagated through tissue culture, along with the viral episome, but was 
not retained through meiosis. Systemic down-regulation of a 
constitutively expressed luciferase transgene in plants was achieved 
following infection with TGMV vectors carrying a 62-bp portion of luc in 
sense or antisense orientation. Thus, a nuclear-localized DNA virus 

as the TGMV geminivirus) carrying sequences complementary to (or 
having substantial sequence similarity to) chromosomal genes can 
silence the chromosomal gene. 
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AB The present invention provides methods for rapidly detg. the function of 
nucleic acid sequences by transfecting the same into a host organism to 
effect expression. Phenotypic and biochem. changes produced thereby are 
then analyzed to ascertain the function of the nucleic acids which have 
been transfected into the host organism. The invention also provides 
methods for silencing endogenous genes by transfecting hosts 
with nucleic acid sequences to effect expression of the same. The 
present 

invention also provides methods for selecting desired functions of RNAs 
and proteins by the use of virus vectors to express libraries of nucleic 
acid sequence variants. Moreover, the present invention provides methods 
for inhibiting an endogenous protease of a plant host. 
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AB This invention provides a regulated binary plant viral expression system 
comprised of two chromosomally-integrated components. One component is a 
pro-replicon, which contains cis-acting viral sequences (required for 
replication) and a target gene. The pro-replicon lacks the replication 
gene essential for replicon replication, and thus cannot undergo 
autonomous episomal replication. The other component is a chimeric 
trans-acting replication gene comprising a regulated promoter 
operably-linked to the coding region for a viral replication protein. 
Regulated expression of the trans-acting replication protein in plant 
cells also contg. the pro-replicon will trigger the release of free 
replicon from the integrated pro-replicon, resulting in its episomal 
replication in trans and the expression of the target gene, if present, 
through gene amplification. The expression system is useful for both 
prodn. of foreign proteins as well as silencing endogenous genes 
and transgenes in plant tissue. Tissue-specific expression is controlled 
by the choice of promoter controlling the transcription of the 
trans-acting replication gene. 
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A vector that produces DNA replicons (multicopy plant episomes) was 
constructed using elements of the geminivirus tobacco yellow 
dwarf virus (TYDV) . All plant cells contain an integrated chromosomal 
T-DNA copy of the TYDV elements that provides a template for the prodn. 
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AB 



of 



episomes in the cell nucleus. Transgenic Petunia hybrida plants contg. a 
CaMV 35S promoter-driven chalcone synthase A (ChsA) gene cloned into the 
episomal vector produced flowers with a white-spotted phenotype at high 
frequency. The spots were found at random locations in the petals and 
occurred in corresponding positions in both the upper and lower 
epidermis, 

indicating that the spots were non-clonal. The spotted phenotype was 
somatically stable and was inherited through meiosis. In white-spotted 
flower tissue, steady-state ChsA mRNA levels were down-regulated but 

rates 

of RNA transcription were unaffected, suggesting that the phenotype 
resulted from post-transcriptional gene silencing of the 

endogenous and episomal ChsA genes. Increases in both the frequency and 
extent of gene silencing in flowers correlated with increases in 
episome copy no. in mature flowers, flower buds and young and fully 

Relatively small increases in episome copy no. (less 
appeared sufficient to trigger the gene-silenced 



expanded leaves . 

than threefold) 

phenotype . 
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Gene silencing from plant DNA carried by a 
Geminivirus 
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tomato golden mosaic virus (TGMV) replicates in 

sses genes from high copy no. DNA episomes. The authors 



the 



used TGMV as a vector to det . whether episomal DNA can cause 
silencing of homologous, chromosomal genes. Two markers were used 
to assess silencing: (1) the sulfur allele (su) of magnesium 
chelatase, an enzyme required for chlorophyll formation; and (2) the 
firefly luciferase gene (luc) . Various portions of both marker genes 

inserted into TGMV in place of the coat protein open-reading frame and 

constructs were introduced into intact plants using particle bombardment. 
When TGMV vectors carrying fragments of su (TGMV plus su) were introduced 
into leaves of wild-type Nicotiana benthamiana, circular, yellow spots 
with an area of several hundred cells formed after 3-5 days. Systemic 
movement of TGMV plus su subsequently produced variegated leaf and stem 
tissue. Fragments that caused silencing included a 786 bp 5 1 
fragment of the 1392 bp su cDNA in sense and anti-sense orientation, and 

a 

403 bp 3 ! fragment. TGMV plus su-induced silencing was 

propagated through tissue culture, along with the viral episome, but was 
not retained through meiosis. Systemic downregulation of a 
constitutively 

expressed luciferase transgene in plants was achieved following infection 
with TGMV vectors carrying a 623 bp portion of luc in sense or anti-sense 
orientation. These results establish that homologous DNA sequences 
localized in nuclear episomes can modulate the expression of active 
chromosomal genes . 
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AB Gene silencing is a multifaceted phenomenon leading to 

propagative down-regulation of gene expression. Gene silencing, 

first observed in plants containing transgenes, can operate both at the 

transcriptional and post-transcriptional levels, silencing 

effects can be triggered by nuclear transgenes and by cytoplasmic RNA 

viruses, and it can be propagated between these elements and endogenous 

plant genes that share sequence homology. Although some aspects of gene 

silencing are becoming better understood, little is yet known 

about the relationship between nuclear and cytoplasmic events. Plant DNA 

viruses - both the ssDNA gemini viruses and the 

reverse-transcribing pararetroviruses - have properties with the 
potential 

to initiate gene silencing in the nucleus and in the cytoplasm. 
Characteristics include production of multiple copies of viral DNA 
genomes 

in the nucleus, illegitimate integration of viral DNA into host 
chromosomes mimicking transgene transformation, and generation of 
abundant 

viral RNAs in the cytoplasm. Evidence is emerging that 
geminiviruses and plant pararetroviruses can interact with the 
gene silencing system either from introduced DNA constructs or 
during viral pathogenesis. Some observations suggest there are complex 
relationships between DNA viral activity, transcriptional and 
post-transcriptional gene silencing mechanisms. DNA viruses also 
have properties consistent with an ability to counteract the plant 
silencing response. In this article, features of plant DNA viruses 



are discussed in relation to gene silencing phenomena, and the 
prospects for understanding the interaction between nuclear and 
cytoplasmic silencing processes. 
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AB A vector that produces DNA replicons (multicopy plant episomes) was 
constructed using elements of the geminivirus tobacco yellow 
dwarf virus (TYDV) . All plant cells contain an integrated chromosomal 
T-DNA copy of the TYDV elements that provides a template for the 
production of episomes in the cell nucleus. Transgenic Petunia hybrida 
plants containing a CaMV 35S promoter-driven chalcone synthase A (ChsA) 
gene cloned into the episomal vector produced flowers with a 

white-spotted 

phenotype at high frequency. The spots were found at random locations in 
the petals and occurred in corresponding positions in both the upper and 
lower epidermis, indicating that the spots were non-clonal. The spotted 
phenotype was somatically stable and was inherited through meiosis. In 
white-spotted flower tissue, steady-state ChsA mRNA levels were 
down-regulated but rates of RNA transcription were unaffected, suggesting 
that the phenotype resulted from post-transcriptional gene 
silencing of the endogenous and episomal ChsA genes. Increases in 
both the frequency and extent of gene silencing in flowers 
correlated with increases in episome copy number in mature flowers, 
flower 

buds and young and fully expanded leaves. Relatively small increases in 
episome copy number (less than threefold) appeared sufficient to trigger 
the gene-silenced phenotype. 
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AB The geminivirus tomato golden mosaic virus (TGMV) replicates in 

nuclei and expresses genes from high copy number DNA episomes. The 
authors 

used TGMV as a vector to determine whether episomal DNA can cause 
silencing of homologous, chromosomal genes. Two markers were used 
to assess silencing: (1) the sulfur allele (su) of magnesium 
chelatase, an enzyme required for chlorophyll formation; and (2) the 
firefly luciferase gene (luc) . Various portions of both marker genes were 
inserted into TGMV in place of the coat protein open-reading frame and 

the 



constructs were introduced into intact plants using particle bombardment. 
When TGMV vectors carrying fragments of su (TGMV::su) were introduced 

into 

leaves of wild-type Nicotiana benthamiana, circular, yellow spots with an 

area of several hundred cells formed after 3-5 days. Systemic movement of 

TGMV::su subsequently produced variegated leaf and stem tissue. Fragments 

that caused silencing included a 786 bp 5' fragment of the 1392 

bp su cDNA in sense and anti-sense orientation, and a 403 bp 3' fragment. 

TGMV: : su-induced silencing was propagated through tissue 

culture, along with the viral episome, but was not retained through 

meiosis. Systemic downregulation of a constitutively expressed lucif erase 

transgene in plants was achieved following infection with TGMV vectors 

carrying a 623 bp portion of luc in sense or anti-sense orientation. 

These 

results establish that homologous DNA sequences localized in nuclear 
episomes can modulate the expression of active chromosomal genes. 
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AB Gene silencing is a multi faceted phenomenon leading to 

propagative down-regulation of gene expression. Gene silencing, 

first observed in plants containing transgenes, can operate both at the 

transcriptional and post-transcriptional levels. Silencing 

effects can be triggered by nuclear transgenes and by cytoplasmic RNA 

viruses, and it can be propagated between these elements and endogenous 

plant genes that share sequence homology. Although some aspects of gene 

silencing are becoming better understood, little is yet known 

about the relationship between nuclear and cytoplasmic events. Plant DNA 

viruses — both the ssDNA gemini viruses and the 

reverse-transcribing pararetroviruses— have properties with the 
potential 

to initiate gene silencing in the nucleus and in the cytoplasm. 
Characteristics include production of multiple copies of viral DNA 
genomes 

in the nucleus, illegitimate integration of viral DNA into host 
chromosomes mimicking transgene transformation, and generation of 
abundant 

viral RNAs in the cytoplasm. Evidence is emerging that 
geminiviruses and plant pararetroviruses can interact with the 
gene silencing system either from introduced DNA constructs or 
during viral pathogenesis. Some observations suggest there are complex 
relationships between DNA viral activity, transcriptional and 
post-transcriptional gene silencing mechanisms. DNA viruses also 
have properties consistent with an ability to counteract the plant 
silencing response. In this article, features of plant DNA viruses 
are discussed in relation to gene silencing phenomena, and the 
prospects for understanding the interaction between nuclear and 
cytoplasmic silencing processes. 
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Suppression of gene silencing: a general strategy 
used by diverse DNA and RNA viruses of plants. 
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In transgenic and nontransgenic plants, viruses are both initiators and 
targets of a defense mechanism that is similar to posttranscriptional 
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ENTRY WEEK: 
AB 

gene 



silencing (PTGS) . Recently, it was found that potyviruses and 
cucumoviruses encode pathogenicity determinants that suppress this 
defense 

mechanism. Here, we test diverse virus types for the ability to suppress 
PTGS. Nicotiana benthamiana exhibiting PTGS of a green fluorescent 
protein 

transgene were infected with a range of unrelated viruses and various 
potato virus X vectors producing viral pathogenicity factors. Upon 
infection, suppression of PTGS was assessed in planta through 
reactivation 

of green fluorescence and confirmed by molecular analysis. These 
experiments led to the identification of three suppressors of PTGS and 
showed that suppression of PTGS is widely used as a counter-defense 
strategy by DNA and RNA viruses. However, the spatial pattern and degree 
of suppression varied extensively between viruses. At one extreme, there 
are viruses that suppress in all tissues of all infected leaves, whereas 
others are able to suppress only in the veins of new emerging leaves. 



This 



variation existed even between closely related members of the potexvirus 

group. Collectively, these results suggest that virus-encoded suppressors 

of gene silencing have distinct modes of action, are targeted 

against distinct components of the host gene-silencing 

machinery, and that there is dynamic evolution of the host and viral 

components associated with the gene-silencing mechanism. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Gene silencing is a multif aceted phenomenon leading to 
propagative down-regulation of gene expression. Gene silencing, 
first observed in plants containing transgenes, can operate both at the 



COUNTRY OF AUTHOR 
SOURCE : 



DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE : 
REFERENCE COUNT 



transcriptional and post-transcriptional levels, silencing 

effects can be triggered by nuclear transgenes and by cytoplasmic RNA 

viruses, and it can be propagated between these elements and endogenous 

plant genes that share sequence homology. Although some aspects of gene 

silencing are becoming better understood, little is yet known 

about the relationship between nuclear and cytoplasmic events. Plant DNA 

viruses - both the ssDNA gemini viruses and the 

reverse-transcribing pararetroviruses - have properties with the 
potential 

to initiate gene silencing in the nucleus and in the cytoplasm. 
Characteristics include production of multiple copies of viral DNA 
genomes 

in the nucleus, illegitimate integration of viral DNA into host 
chromosomes mimicking transgene transformation, and generation of 
abundant 

viral RNAs in the cytoplasm. Evidence is emerging that 

gemini viruses and plant pararetroviruses can interact with the 

gene silencing system either from introduced DNA constructs or 

during viral pathogenesis. Some observations suggest there are complex 

relationships between DNA viral activity, transcriptional and 

post-transcriptional gene silencing mechanisms. DNA viruses also 

have properties consistent with an ability to counteract the plant 

silencing response. In this article, features of plant DNA viruses 

are discussed in relation to gene silencing phenomena, and the 

prospects for understanding the interaction between nuclear and 

cytoplasmic silencing processes. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB In transgenic and nontransgenic plants, viruses are both initiators 

and 

gene 



targets of a defense mechanism that is similar to posttranscriptional 



silencing (PTGS) , Recently, it was found that potyviruses and 
cucumoviruses encode pathogenicity determinants that suppress this 
defense 

mechanism. Here, we test diverse virus types for the ability to suppress 
PTGS. Nicotiana benthamiana exhibiting PTGS of a green fluorescent 
protein 

transgene were infected with a range of unrelated Viruses and various 
potato virus X vectors producing viral pathogenicity factors, Upon 
infection, suppression of PTGS was assessed in planta through 
reactivation 

of green fluorescence and confirmed by molecular analysis, These 
experiments led to the identification of three suppressors of PTGS and 
showed that suppression of PTGS is widely used as a counter-defense 
strategy by DNA and RNA viruses. However, the spatial pattern and degree 



This 



of suppression Varied extensively between viruses. At one extreme, there 
are Viruses that suppress in ail tissues of ail infected leaves, whereas 
others are able to suppress only in the veins of new emerging leaves, 

Variation existed even between closely related members of the potexvirus 

group. Collectively, these results suggest that virus-encoded suppressors 

of gene silencing have distinct modes of action, are targeted 

against distinct components of the host gene-silencing 

machinery, and that there is dynamic evolution of the host and viral 

components associated with the gene-silencing mechanism. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
A vector that produces DNA replicons (multicopy plant episomes) was 
constructed using elements of the geminivirus tobacco yellow 
dwarf virus (TYDV) . All plant cells contain an integrated chromosomal 
T-DNA copy of the TYDV elements that provides a template for the 
production of episomes in the cell nucleus. Transgenic Petunia hybrida 
plants containing a CaHV 35S promoter-driven chalcone synthase A (ChsA) 
gene cloned into the episomal vector produced flowers with a 
white-spotted 

phenotype at high frequency. The spots were found at random locations in 
the petals and occurred in corresponding positions in both the upper and 
lower epidermis, indicating that the spots were non-clonal. The spotted 
phenotype was somatically stable and was inherited through meiosis. In 
white-spotted flower tissue, steady-state ChsA mRNA levels were 
downregulated but rates of RNA transcription were unaffected, suggesting 
that the phenotype resulted from post-transcriptional gene 
silencing of the endogenous and episomal ChsA genes. Increases in 
both the frequency and extent of gene silencing in flowers 
correlated with increases in episome copy number in mature flowers, 
flower 

buds and young and fully expanded leaves. Relatively small increases in 
episome copy number (less than threefold) appeared sufficient to trigger 
the gene-silenced phenotype. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The geminivirus tomato golden mosaic virus (TGMV) replicates 

in nuclei and expresses genes from high copy number DNA episomes. The 
authors used TGMV as a vector to determine whether episomal DNA can cause 
silencing of homologous, chromosomal genes. Two markers were used 
to assess silencing: (1) the sulfur allele (su) Of magnesium 
chelatase, an enzyme required for chlorophyll formation; and (2) the 
firefly luciferase gene (luc) . Various portions of both marker genes were 
inserted into TGMV in place of the coat protein open-reading frame and 



the 



constructs were introduced into intact plants using particle bombardment. 
When TGMV vectors carrying fragments of su (TGMV::su) were introduced 

into 

leaves of wild-type Nicotiana benthamiana, circular, yellow spots with an 

area of several hundred cells formed after 3-5 days. Systemic movement of 

TGMV::su subsequently produced variegated leaf and stem tissue. Fragments 

that caused silencing included a 786 bp 5* fragment of the 1392 

bp su cDNA in sense and anti-sense orientation, and a 403 bp 3' fragment. 

TGMV: : su-induced silencing was propagated through tissue 

culture, along with the viral episome, but was not retained through 

meiosis. Systemic downregulation of a constitutively expressed luciferase 

transgene in plants was achieved following infection with TGMV vectors 

carrying a 623 bp portion of luc in sense or anti-sense orientation. 

These 

results establish that homologous DNA sequences localized in nuclear 
episomes can modulate the expression of active chromosomal genes. 



